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EFFECTS OF SOIL TEMPERATURE AND MOISTURE ON SOIL
SURFACE CO, FLUX OF FORESTS IN NORTHEASTERN CHINA

YANG Jin-Yan and WANG Chuan-Kuan
(College of Forestry, Northeast Forestry University> Harbin 150040, China)

Abstract Forest ecosystems in northeastern China play an important role in both local and national carbon
budgets because of their large area extent and huge amount of carbon storage. The spatial and temporal changes
in soil surface CO, flux ( Rg)» the major CO, source to the atmosphere from terrestrial ecosystems, directly in-
fluence the local and regional carbon budgets. However; few data on Rg were available for this region. In this
study, we used an infrared gas exchange analyzer (LI-COR 6400) to measure the Rg and related biophysical
factors, and examined soil temperature and moisture effects on soil respiration for six secondary temperate forest
ecosystem types: Mongolian oak (dominated by Quercus mongolica)» poplar-birch ( dominated by Populus da-
vidiana and Betula platyphylla)> mixed-wood (no dominant tree species), hard-wood forests ( dominated by
Fraxinus mandshurica > Juglans mandshurica and Phellodendron amurense), Korean pine ( Pinus koraiensis )
and Dahurian larch ( Larix gmelinii) plantations. Our specific objectives were to: 1) compare the soil temper-
ature, soil moisture; Rg, and Qo( temperature coefficient) of the six forest types; 20 quantify the seasonality
of Rgand related environmental factors: and 3) determine the environmental factors affecting the Rg, and con-
struct models of Rg against the related environmental factors.

Soil temperature, soil moisture and their interactions significantly (p < 0.01) influenced the Rs, but
their effects depended on forest type and soil depth. These factors could explain 67.5% —90.6% of the varia-
tions in the Rg data. During the growing seasons the soil temperature at 10 cm depth in the different forest
types did not differ significantly but soil moisture did. The Rg for the oak, pines larch, hardwood, mixed-
wood> and poplar-birch stands varied from 1.89 -5.23, 1.09-4.66, 0.95-3.52, 1.13-5.97, 1.05-
6.58, and 1.11 =5.76 pmol CO,*m~2*s~ 1, respectively; the Qo values for those stands were 2.32, 2.76,
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2.57, 2.94, 3.55 and 3.54; correspondingly. The seasonality of Rg was driven mainly by soil temperature

and moistures and was roughly consistent with that of soil temperature. The broad-leaved forests had a higher

soil respiration rate than those of coniferous forests probably because of a more suitable soil thermal and mois-

ture regimes and other biological factors.

The temperature sensitivity coefficient of soil respiration ( ()y) showed a convex-type curve along a soil

moisture gradient. The () tended to increase when soil moisture increased from 30.19 to 40.7, and then de-

clined probably because the extremely high soil moisture content in the hardwood forest may impede activities of

soil microbes and plant roots> and thus decrease decomposition rates and soil CO, emission. Our study strongly

recommended that estimation of soil surface CO, flux from forest ecosystems should consider the comprehensive

effects of both soil temperature and moisture on soil respiration so as to reduce uncertainties of ecosystem car-

bon budget studies in this region.
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Table 1 The site features and vegetation composition of the sampled plots

T 20 Vegetation composition

LEBRGRR 7 95°2 40|

FeAR (AT TA
Forest ecosystem Slope Aspect ) .

Overstory ( Dominant species) Understory
S HTHRAR Quercus mongolica forest 23° P South (1):2.3.4.5.6 7-8-9.10
P RER Populus davidiana-Betule platy 16° ViR Southwest (6)2(5).11.4.3.2 7.8.9.12.10 13+ 14
phylla forest
fifi i Ak Hard-wood forest 7° 1t North 4.3.2-11 7.9+13.15.16+17
AR Mixed forest 15° VY Southwest 2.11.4.3.5.6 7.9+15.13.18-19
MR N AR Larix gmelinii plantation 20 ViR Southwest (20)-3.21 15.22.16+109.7-23
ZLAA N LAK Pinus koraiensis plantation 12° PGt Northwest (24).6+3.25-5.11-6 9.19

1. S8R Quercus mongolica 2. %M Tilia amurensis 3. /K M) Fraxinus mandshurica 4. ¥ % Phellodendron amurense 5. W% Populus david-
iana 6. M Bewla platyphylla 7. %5 T4 Syringa amurensis 8. 5 KM Acer mono 9. %M Ulmus propinqua  10. B4 Rhamnus davuricus  11.
MMk Juglans mandshurica  12. BIEE AR Sambucus buergeriana  13. %Y Corylus heterophylla  14. ¥ TL3% Kalonymus macroptera  15. 125 Padus asiai-
ica 16, W AEHA Lonicera praeflorens  17. DA Evonymus sacrosancta  18. # 3k 46 Viburnum sargenti  19. 11ZE Pyrus ussuriensis 20, V& M2 Larix
gmelinii 21. A 5M Acer ginnala  22. WKL T Lespedeza bicolor  23. 11T ¥ Malus pallasiana  24. 21K Pinus koraiensis  25. MME Bewla costata
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B 2% R (I 2D, 3K 55 il R 1R 2R 1 AR A A
A= Do AEKFEYING VDS MNMESR
ZRlA] Ry 22 51/, BR S BRAK A 2.64 pmol CO, *
m~2es A, HORABEBRGHIAE 1.31 ~ 1.80 pmol
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167 HARH 8 WIS, G R 3.52 ~6.58
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Table 2 Models of soil surface CO, flux ( Rg) against soil temperature ( T5 and Ty) and soil moisture ( W, and Wyy)

EARRGRM TR EEpyE W R WEAKE

Forest ecosystem Soil depth Cem) Regression model R? P
EquR N 10 InCRg) = —0.2945+0.073 4x Typ+1.692 4 x W, 0.675 <0.001
Quercus mongolica forest 2 In(Rs) = —0.740 1+0.104 5x T, +1.804 5x Wy —0.067 0x T, x W, 0.704 <0.001
WHER Populus davidiana- 10 InCRO = —1.611+0.195 1x Tyo+3.190 2x Wiy—0.188 2 x Tygx Wy 0.906 <0.001
Betula platyphylla forest 2 InCRg) = —1.068 6+0.147 2x T, +1.239x W, —0.063 6x T> x W, 0.855 <0.001
i i) -k 10 (R = —1.161 0+0.1754x Tio+1.956 5x Wio-0.1277x Ty x Wiy 0.771 <0.001
Hard-wood forest 2 In(Rs)= —0.078 4+0.094 7x T, 0.751 <0.001
ZRARMR 10 InCRD = =1.7302+0.203 0x T1o+3.224 4x Wig=0.1737x Tyox Wio  0.902 <0.001
Mixed forest 2 InCRg) = —0.202 6+0.108 8 x T, 0.852 <0.001
AR/ NI N 10 In(Rs) = —1.5386+0.1556x T19+3.199 0x Wio-0.1304x Tox Wiy 0.855 <0.001
Pinus koraiensis plantation 2 InCRs) = —0.740 1+0.096 0x T +0.822 9 x W, 0.780 <0.001
IR N T AR 10 InCRg) = —0.8319+0.099 1x Ty+0.926 0x W 0.846 <0.001
Larix gmelinii plantation 2 InCRg) = —0.5734+0.093 7x T, 0.809 <0.001

®3 6 NMEBRGM LHIFRE AR (R 50 FE Ty )RR (W ) FIIE 2 = LLER

Table 3 Duncan’s multiple-range test for the means of soil surface CO, flux ( Rg), soil temperature ¢ T}o) and moisture ( Wyo) for the six forest ecosystems

R g e TR
R ARG Rs(pmol CO,*m~2+s™1) Soil temperature (°C) Soil moisture (% )
Forest ecosystems Bl AN L ANl ¥4 bRt 2
Mean SD Mean SD Mean SD

Z& ARM Mixed forest 3.94% 1.86 12.95" 4.24 40.70° 4.83
S AR Quercus mongolica forest 3.7978C 1.07 13.81* 3.95 30. 19" 7.05
ALY i
FERK Populus davidiona 3,708 1.65 13.08" 4.40 37.440 5.18
Betula platyphylla forest
T Ak Hard-wood forest 3.61¢ 1.56 13.17* 3.91 53.42% 4.43
ZLAA N LK Pinus koraiensis plantation 3.05" 1.16 12.06* 4.28 38.60° 6.91
H A N LK Larix gmelinii plantation 2.35" 0.85 11.144 4.55 32.02° 6.67

XM ) ABCDEF 7R B3 22 A A (Rg: o= 0.10; 13#W % : o =0.05) The ABCDEF in the table represent the significant difference groups for
Rs: (a=0.10) and soil moisture (a=0.05), respectively
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Fig.1

Seasonality of soil temperature and soil moisture of the six ecosystem types

Tio: TR 10 em RS Soil temperature at 10 cm depth  Wio: 13K 10 em FIEAE Soil moisture at 10 cm depth

A: LIRS N AR Pinus koraiensis plantation

B: WAL N LK Larix gmelinii plantation

C: T A AR Hard-wood forest D: S HEMR Quercus

mongolica forest E: WM Populus davidiana-Betula platyphylla forest  F: 22 AR Mixed forest
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I 0.95~1.89 pmol CO,*m~2+s7 1
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252 T E Al B B AN =T AR . AEATE S K
FUAR B AT I E MR A S R Gl L3 2 5
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Fig.2 Seasonality of simulated soil surface CO, flux ( Rg) of the six ecosystems types
ASBACD-E-F: [A[&] 1 See Fig. 1
s 00 al .»1999; Raich et al .»2003) 7Tl & (X i %2 5%,
' . o 2003; PR 4= EA%, 2004)  H 3T (Ohasi et al .
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< M 1996; Wang et al.,2002) #i N 5 em(Fang et al .,
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al.» 2003) 11 F 10 em %5 (Rayment & Jarvis, 2000;
1. 00 ‘ Wang et al ., 2002; Kang et al ., 2003; Pypker & Fre-
25 35 45 55

+IEEE Soil moisture (%)

B3 Qs bR % R

Fig.3  The relationship between Q1 and soil moisture
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1998; Xu & Qi»2001a; Wang et al . »2002). {H:Z, HT
IR IS A 1) AZ HAE ] (3 2D F1 H 380 AH 2% ( Wang
et al .»2002; Xu & Qi 2001a), 7FBF AN 545 M LAk
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